Excess child mortality after discharge from hospital in Kilifi, Kenya: a retrospective cohort analysis 
Introduction
The Integrated Management of Childhood Illness (IMCI) programme and inpatient guidelines of the World Health Organization (WHO) aim to standardize and improve the care of critically ill children at health facilities across Africa. [1] [2] [3] [4] While the IMCI may reduce in-hospital child mortality, 5 its recommendations for the prevention and management of illness following discharge are based on limited evidence from the field and are rarely implemented. Several studies from developing countries have shown that children admitted to hospital and discharged alive are at increased risk of death for 12 months following discharge when compared with similar children in the community. Furthermore, malnutrition, anaemia, hypoxaemia, longer hospitalization and discharge against medical advice exacerbate this risk. [6] [7] [8] [9] [10] [11] [12] Additional data are needed to guide the development of strategies for effective follow-up care that will reduce post-discharge mortality.
In Kilifi district, Kenya, infant and child mortality have dropped sharply in recent years, yet only one third of child deaths occur in hospital and access to hospital care for severely ill children is poor. 13 Previous data suggest that children who are discharged from hospital have a higher risk of dying during the 12-month period following discharge than comparable children in the community and that diarrhoea is a significant predictor of excess mortality. 6 In this study we sought to determine whether hospital admission could be characterized as an acute event with an impact on short-term mortality or as a marker of chronic frailty associated with an increased risk of dying over the longer term. We analysed 5 years of linked demographic and paediatric hospital surveillance data in a rolling cohort of approximately 111 000 children aged less than 15 years at any one time, with detailed clinical and laboratory information available for all admissions. To guide hospital discharge policies and focus outpatient follow-up on high-risk groups, we estimated the burden and duration of excess mortality associated with hospital discharge and identified demographic and clinical risk factors for death in the post-discharge period.
Methods
This study was conducted in Kilifi district, a poor, rural area on the Indian Ocean coast of Kenya. The KEMRI/Wellcome Trust Research Programme has conducted laboratory, clinical and epidemiologic research in Kilifi for two decades. Kilifi District Hospital (KDH) in Kilifi town provides primary care and inpatient referral services for the entire district, following national and WHO management guidelines. The Kilifi Health and Demographic Surveillance Study (KHDSS) collects information on births, deaths and migrations in a population of 240 000 people residing in an 891 km 2 area around KDH. Beginning in April 2002, all patients hospitalized in the paediatric ward or paediatric high-dependency unit at the KDH had their hospital records, including standard clinical and laboratory data, linked to their demographic records with a unique personal identifier. The linked hospital and demographic databases enable us to monitor life events after hospital discharge for residents of the Health and Demographic Surveillance Study (HDSS) area.
This analysis included all children < 15 years of age who were residents of the KHDSS area at some point in [2004] [2005] [2006] [2007] [2008] . We included discharges from 1 January 2003 onwards with followAbstracts in ‫,عريب‬ 中文, Français, Pусский and Español at the end of each article.
Objective To explore excess paediatric mortality after discharge from Kilifi District Hospital, Kenya, and its duration and risk factors. Methods Hospital and demographic data were used to describe post-discharge mortality and survival probability in children aged < 15 years, by age group and clinical syndrome. Cox regression models were developed to identify risk factors. Findings In 2004-2008 , approximately 111 000 children were followed for 555 000 person-years. We analysed 14 971 discharges and 535 deaths occurring within 365 days of discharge. Mortality was higher in the post-discharge cohort than in the community cohort (age-adjusted rate ratio, RR: 7.7; 95% confidence interval, CI: 6.6-8.9) and declined little over time. An increased post-discharge mortality hazard was found in children aged < 5 years with the following: weight-for-age Z score < −4 (hazard ratio, HR: 6.5); weightfor-age Z score > −4 but < −3 (HR: 3. Research up time left truncated at 1 January 2004 to obtain information on post-discharge status for children who resided in the area in 2003 and were followed into 2004. In a single-discharge analysis, we considered only the first discharge observed for each child. Children entered the community cohort at the latest of birth, in-migration or 1 January 2004, and they exited at the earliest of death, outmigration, first discharge from hospital or 31 December 2008. Children entered the post-discharge cohort at the latest of first discharge from hospital or 1 January 2004 and exited at the earliest of death, out-migration, 365-days post-discharge or 31 December 2008. We also performed a multiple-discharge analysis in which we created duplicate records to allow children who were admitted to hospital more than once to contribute person-time (and deaths) to several post-discharge periods simultaneously. Entry and exit criteria for the post-discharge and community cohorts were analogous to those applied in the single-discharge model.
We compared mortality rates in the community and post-discharge cohorts and calculated crude and age-adjusted mortality rate ratios (RRs). We included a continuous term for post-discharge category to test for trends in mortality RR over the post-discharge period. To estimate the rate and proportion of deaths associated with hospital discharge in the post-discharge cohort and for the entire population, we used a standardized mortality approach in which we compared the observed number of deaths in the post-discharge cohort with the number of deaths expected from age-specific community mortality rates.
We constructed Kaplan-Meier survival curves and built two proportional hazards models to identify predictors of mortality in discharged children. In Model A we examined the effects of age, calendar time, number of previous discharges, travel time to hospital 14 and clinical signs and symptoms at admission; in Model B we examined the effects of the following hierarchical, mutually exclusive syndromes: sick young infant, meningitis/ encephalopathy, severe malnutrition, very severe pneumonia, severe pneumonia, mild pneumonia and "other". 15 In the multiple-discharge analysis we used a spatial bootstrap method with 100 repetitions to account for intra-subject correlation. For this we randomly selected 40 sublocations (with replacement) and estimated the regression models on all data from these sublocations. We developed multivariable models by grouping variables by syndrome, adjusting for age and nutritional status to select those entering the final model (p-value < 0.10), and then removing the non-significant variables (P > 0.05) in a backward stepwise fashion.
For each clinical variable remaining in the final model we calculated the number needed to treat (NNT) by dividing the number of children discharged with a given characteristic by the number of discharge-associated deaths among these children.
Analyses In the single-discharge analysis (Table 1) we observed 2057 community deaths and 343 post-discharge deaths; 141 deaths that occurred more than 365 days after the first discharge were dropped from the analysis since they fell neither into the community nor into the postdischarge category. Cumulative mortality risk within one year of discharge was 3.3% (95% confidence interval, CI: 3.0-3.7). Children in the post-discharge cohort had substantially higher mortality rates than those in the community cohort, even after age adjustment. Though RRs decreased with increasing time since discharge, mortality remained elevated throughout the post-discharge period and beyond (12-23 months post-discharge, age-adjusted RR: 3.8; 95% CI: 3.1-4.8).
The multiple-discharge analysis included 2047 community deaths and 535 post-discharge deaths. Observations were duplicated if they were linked to more than one post-discharge period, thereby leading to a larger number of deaths and person-years than in the singledischarge approach. A few observations were dropped from the analysis because of missing sublocation data. Cumulative mortality risk within one year of discharge was 4.5% (95% CI: 4.1-4.8). Further detailed results are shown in Table 1 .
For each age stratum we estimated the expected number of deaths in the post-discharge cohort based on the background community mortality rate using the multiple-discharge approach ( Table 2 ). In the post-discharge cohort 464 deaths (40 per 1000) were in excess of those expected from community rates; they represented 35% of deaths in neonates and 89% in older children. The population-attributable risk percent for mortality associated with hospital discharge was 0.8% in neonates and 27% in older children.
In univariate proportional hazards models (multiple-discharge approach), mortality decreased with age ( Fig. 1 ) and calendar time (HR: 0.91 per year; P = 0.02), increased with distance to hospital (HR: 1.12 per ½ hour of vehicular travel time) and number of previous discharges (1 discharge, HR: 4.0; 2 discharges, HR: 9.5 and ≥ 3 discharges, HR: 32.4), and was unaffected by sex or season. We obtained unadjusted and age-, weightfor-age Z scores and syndrome-adjusted HRs for more than 40 clinical variables in children less than 5 years of age (Table 3 , available at: http://www.who.int/bulletin/volumes/89/10/11-089235). Poor nutritional status was associated with an increased post-discharge mortality risk, irrespective of the measure chosen (Table 3 and Fig. 2 ). Finally, infection with the human immunodeficiency virus (HIV) was associated with mortality in the crude (HR: 3.3; P < 0.01) and ageadjusted (HR: 3.2; P < 0.01) models, but this association disappeared after adjustment for weight-for-age Z score (HR: 2.2;
The final Cox model for children 0-59 months of age included parasi-
Excess child mortality after hospital discharge in Kenya Research taemia as a protective factor and young age, severe underweight, hypoxia, bacteraemia, jaundice, hepatomegaly, hospitalization > 13 days and number of previous discharges as risk factors for post-discharge mortality (Table 4 ). In the model investigating survival by disease syndrome, severe malnutrition was associated with the highest mortality, followed by very severe pneumonia, sick young infant, meningitis and mild or severe pneumonia compared with having none of these syndromes (Table 4 ).
In the NNT analysis, we found that one death could be identified by targeting 16 children or fewer with the following characteristics: weight-for-age Z score Jennifer C Moïsi Excess child mortality after hospital discharge in Kenya Research < −4 (NNT: 6.1); hospitalization > 13 days (NNT: 7.8); hypoxia (NNT: 11.5), bacteraemia (NNT: 12.6), hepatomegaly (NNT: 13.1), weight-for-age Z score > −4 but < −3 (NNT: 13.6) or jaundice (NNT: 16.2). An intervention focused on patients meeting one or more of these criteria would target approximately 545 children per year (33% of discharged patients) and 39 expected deaths (NNT: 13.9, 47% of discharge-associated deaths), whereas a programme focusing on severely underweight children alone would target 220 children per year (13% of discharged patients) and 24 potential deaths (NNT: 9.1, 29% of discharge-associated deaths).
Discussion
This is the largest study to date to investigate child mortality after hospital discharge in a developing country setting. It also presents the most comprehensive analysis of the risk factors for post-discharge mortality. We included 200 000 children who were followed for a period of 555 000 child-years during which they experienced more than 15 000 hospital discharges and 353 post-discharge deaths. The study had sufficient statistical power to estimate the increased risk of mortality during the 12 months following discharge and to explore demographic and clinical predictors of mortality in the post-discharge group. We found that child mortality was more than sevenfold higher among post-discharge children than among similarly-aged children in the community and that 4.5% of children who are discharged from hospital die within the subsequent year. Young age, poor nutritional status, hypoxia, bacteraemia, enlarged liver, jaundice, extended hospitalization and number of previous discharges were associated with increased mortality, whereas malaria parasitaemia was predictive of relatively decreased mortality.
The single-and multiple-discharge approaches yielded similar results, with slightly higher mortality seen in the multiple-discharge model. The singledischarge model is simple to implement and comprehend, but it assumes that the first discharge observed in the KDHSS was truly a child's first discharge, and this could lead to misclassification if the child was hospitalized at another hospital. Additionally, it excludes any discharge that occurs after the initial one and excludes all deaths after the first post-discharge period. Since children with multiple hospitalizations are likely to be at highest risk of death, this will lead to an underestimation of post-discharge mortality. Despite the added complexity, the multiple-discharge model has several advantages. It avoids both of the problems described above but also allows us to investigate the contribution of previous discharges to mortality risk after any given discharge and to understand the relationship between post-discharge mortality and repeat admissions for chronic illness. Finally, it sheds light on mortality risk after "any" hospital discharge and is thus more useful from a clinical and programmatic perspective, as it does not require knowledge of a patient's discharge history. 
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This last aspect is particularly relevant in developing country settings, many of which have not established longitudinal follow-up of paediatric patients. Despite the differences between these modelling approaches, it is important to note that the two analyses yielded comparable results and therefore produce similar epidemiological and public health inferences. In previous studies, age-adjusted mortality RRs for post-discharge versus community children ranged from 1.2 to 3.4 6, 7, 9 and decreased over the post-discharge period; in contrast, we estimated a rate ratio of 7.7 with little attenuation over time, even when the post-discharge period was extended for an additional year. Furthermore, our study may have underestimated the increased mortality risk associated with hospital discharge by potentially overestimating the baseline mortality risk, as children discharged from hospital before in-migration into KHDSS or treated at hospitals other than KDH while residents were classified in the community cohort. The increase in post-discharge mortality associated with hypoxaemia on admission was similar to that observed in the Gambia. 8 Moderate and severe malnutrition produced stark reductions in post-discharge survival, as seen in Bangladesh. 9 Unlike previous studies, ours did not support a relationship between severe anaemia, 10 diarrhoea 6 or absconding from hospital 7 and mortality in the post-discharge cohort. Nevertheless, diarrhoea was significantly associated with mortality before adjustment for malnutrition, which suggests that the effect observed elsewhere may have been due to confounding by nutritional status. This observation is consistent with earlier findings from Kilifi indicating that in the absence of malnutrition, diarrhoeal disease is an acute illness that resolves rapidly and has a good prognosis. 16 Finally, we identified previously unknown risk factors for post-discharge mortality, including bacteraemia, hepatomegaly, jaundice and repeated or prolonged hospitalization.
Some of the differences among studies may reflect true variations in epidemiology across populations or over time. Most of the studies cited here were conducted in the 1990s. Since then major changes in malaria epidemiology have occurred in Kilifi District, 17, 18 HIV infection has emerged as an important underlying cause of childhood illness, and socioeconomic conditions have improved. These factors are likely to change patterns of disease, hospitalization and mortality. For example, higher hospital utilization among chronically ill children would lead to higher relative mortality among discharged versus community children. In addition to true epidemiological differences, our findings may also reflect methodological differences among studies: the large sample size available and the breadth of clinical variables collected on admission to KDH allowed us to conduct a more detailed analysis compared with earlier research.
Routine HIV testing on admission was incorporated into clinical case management in KDH in late 2006. We found a significant relationship between HIV positivity and post-discharge survival in crude and age-adjusted models for 2007-2008, but the association disappeared after controlling for nutritional status, possibly owing to insufficient statistical power. Alternately, this finding may reveal a true lack of association between positivity for HIV antibodies -which has limited specificity for HIV infection in young infants -and mortality, in the absence of wasting. HIV infection prevalence was 2% in well nourished children versus 14% in severely malnourished children. We therefore suspect that the observed effect of malnutrition on mortality is partly explained by an overlap between severe underweight and HIV infection (due to high rates of diarrhoea in HIV-positive children), although malnutrition affects mortality independently as well. Additional data are needed to disentangle the independent effects of HIV infection and malnutrition in the post-discharge period. While the protective effect of malaria parasitaemia may seem paradoxical on first inspection, it suggests that children who are admitted to hospital with mild malaria recover quickly and have a lower mortality risk than discharged children who were hospitalized with more severe illness. In contrast, when compared with children in the community, children admitted with malaria parasitaemia have a higher mortality risk.
The high and sustained increase in mortality rates after discharge indicates that hospitalization is seldom merely the expression of an acute disease episode with a short-term impact on mortality risk. Rather, it is often the manifestation of underlying frailty, with many hospitalized children having chronic illnesses such as malnutrition, HIV infection or sickle cell anaemia. Hospital admission is therefore an opportunity to identify a group of children at higher risk of death than their peers and to select them for inclusion in targeted health interventions. Owing to significant improvements in malaria treatment and control measures and in access to existing and new vaccines, childhood mortality is declining widely in Africa. 19 The deaths that remain are harder to identify and harder to prevent; vulnerable children with chronic illness who seek care at district hospitals represent a pragmatic target group for mortality prevention measures.
At a population level the potential impact of post-discharge follow-up interventions on child mortality is limited by poor access to hospital care in the study area, which reduces the opportunity to identify high-risk children. This is reflected in the relatively low population attributable risk of 27% (after the neonatal period). Nevertheless, targeting approximately 545 children aged under 5 per year in the KHDSS area would enable us to manage a high-risk group in whom we currently observe approximately 40 deaths per year, which represents 8% of annual resident deaths and 47% of the post-discharge deaths in this age group. This rests on the assumption that interventions are available to provide appropriate counselling and care to the families of high-risk children. For severely malnourished children these may include complementary feeding, micronutrient supplementation, targeted antibiotic prophylaxis and socio-educational strategies to improve nutrition. 20 Among children with HIV infection, antiretroviral treatment is now widely available and antibiotic prophylaxis has a proven role in reducing mortality; 21, 22 both were in limited use in Kilifi during the study period. The outcome for patients with sickle cell anaemia could be improved with penicillin and malaria prophylaxis and with parental education for the identification of severe symptoms and malarial crises. 23 Even if such interventions have an aggregate effectiveness of 50%, the number of preventable deaths, 20 per year (24% of post-discharge deaths), suggests that targeting the segment of the population in which a large fraction of deaths is associated with hospital discharge might prove cost-effective.
This study highlights the value of linking hospital admission and demographic surveillance data to enable Jennifer C Moïsi Excess child mortality after hospital discharge in Kenya Research follow-up of sick children after their discharge from hospital. These children bear a substantially higher risk of death than their peers in the community throughout the post-discharge period and targeting a subset of them with effective outpatient interventions could prevent a significant proportion of child mortality in the KHDSS area. In particular, severely underweight children sustain the greatest increase in mortality risk and should constitute the primary target group. ■ staff for their diligent work on data entry and data management. This study is published with the permission of the director of KEMRI.
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